Altered insulin signaling in retinal tissue in diabetic states.
Both type 1 and type 2 diabetes can lead to altered retinal microvascular function and diabetic retinopathy. Insulin signaling may also play a role in this process, and mice lacking insulin receptors in endothelial cells are protected from retinal neovascularization. To define the role of diabetes in retinal function, we compared insulin signaling in the retinal vasculature of mouse models of type 1 (streptozotocin) and type 2 diabetes (ob/ob). In streptozotocin mice, in both retina and liver, insulin receptor (IR) and insulin receptor substrate (IRS)-2 protein and tyrosine phosphorylation were increased by insulin, while IRS-1 protein and its phosphorylation were maintained. By contrast, in ob/ob mice, there was marked down-regulation of IR, IRS-1, and IRS-2 protein and phosphorylation in liver; these were maintained or increased in retina. In both mice, Phosphatidylinositol 3,4,5-trisphosphate generation by acute insulin stimulation was enhanced in retinal endothelial cells. On the other hand, protein levels and phosphorylation of PDK1 and Akt were decreased in retina of both mice. Interestingly, phosphorylation of p38 mitogen-activated protein kinase and ERK1 were responsive to insulin in retina of both mice but were unresponsive in liver. HIF-1alpha and vascular endothelial growth factor were increased and endothelial nitric-oxide synthase was decreased in retina. These observations indicate that, in both insulin-resistant and insulin-deficient diabetic states, there are alterations in insulin signaling, such as impaired PDK/Akt responses and enhanced mitogen-activated protein kinases responses that could contribute to the retinopathy. Furthermore, insulin signaling in retinal endothelial cells is differentially altered in diabetes and is also differentially regulated from insulin signaling in classical target tissues such as liver.